
1994 CEDAR Workshop
Boulder, Colorado
June 20-25,1994

CEDAR Prize Lecture

by Raymond Roble
HAO/NCAR

Modelling the Circulation, Temperature and
Compositional Structure of the Upper

Atmosphere (30-500 km)



TGCM TEAM

HAO

B. Cicely Ridley

Ben Foster

Art Richmond

Baraibara Emery

Bill Roberts

Gang Lu

Maura Hagan

Mathematical analysis auid development

Processors, display and diagnostics

Electrodynamics, AMIE

Auroral Parameterizations, AMIE

AMIE displays

AMIE/TGCM r\ms and analysis

TGCM/DATA analysis and tidal boundaries

ViCKiUsa/) U.cF ARIZONA
coiJLXsofiiaoRs

CASANDRA FESEN

STEVE BC^KSHER

JEFF FORBES

DAVE FRITTS

VICTC« F(»1ICHEV

TIM KILLEEN, ALAN BURNS, PAUL HAYS

FRED REES

GONZALO HERNANDEZ

GEOFF CROWLEY

FRANK MARCOS

CTC., ETC., ETC.

PhV^cs



1980

1989

1991

1992

1996

LONG RANGE MODEL DEVELOPMENT

Ionosphere
Dynamo
MSIS
Aurora

Solar
Tides

Dynamo
Aurora

Solar

Tides

Aurora

Solar

Tides

Aurora (GEM)
Solar (RISE)

Aurora (GEM)
Solar (RISE)

TGCM

(100-500 km)

N /

TIGCM

(95 - 500km)

N /

TIE-GCM

(95 - 500 km)

\ /

TIME-GCM

(30-500 km)

N /

CCM/TIME-GCM
(0 —500 km)

Atmosphere Explorer
D)mamics Explorer
Radar and Airglow

Atmosph^e Explorer
Dynamics Explorer
Air Force

CEDAR

Atmosphere Explorer
Dynamics Explore
San Marcos

CEDAR

GEM

UARS

ISTP

CED^
GEM

Air Force

UARS

EOS

Global Change
TIMED

Fig. i Schematic illustrating past and future TGCM development. The year of model
development and diminishing dependence on empirical specification is given
on the left of the boxes and the programs and data sources used for GCM
validation and scientific studies is givw on the right. CCM refers to the NCAR
community climate model.



TIE-GCM OUTPUT

• Neutral gas temperature, T„

• Neutral winds, U^V^W

• TTftight of constant pressttre surface, h

• Neutral composition and deoaty

Major - O, O2, and iV2

Minor - iV(2£>), JV(45), iVO, iTe, and

• Ion composition

0+(2p), 0+(2D), o+(45), isro+, OtrNt,
and Srij = -

Ion temperature, Ti

Electron temperature, Te

• Global distribution of electric fields E and currents J



SOLAR EUV, UV, AND AURORAL INPUTS
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TIE-GCM
350 km, 0 UT, Equinox. Solar Maximum
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NCAR

THERMOSPHERE-IONOSPHERE-ELECTRODYNAMICS

GENERAL CIRCULATION MODEL

(TIE-GCM)

• Primitive equations of dynamic meteorology adapted to ther-
mospheric heights

• Eulerian model of the ionosphere

• Horizontpl grid 5® latitude x 5® longitude, geographic

• Vertical grid - 25 constant pressure surfaces, 2 grid points per
scale height, 95 to 500 km

• Time stef 240 or 300 S

• Global dynamo with realistic magnetic fidd

INPUT :

• Solar EUV and UV radiation 5 to 250 nm

• Empirical ionospheric convection and auroral particle precipi
tation models

• Structure of upward propagating tides and other featiires from
middle atmosphere



THERMOSPHERE-IONOSPHERE-MESOSPHERE-ELECTRODYNAMICS

GENERAL CIRCULATION MODEL

(TIME-GCM)

• TIE-GCM is extended downward to 30 km (10 mb) altitude

• Major species transport for O2, iV2, and 0x{0 + O3)

• Minor species transport for H2O, ff2» CH4, CO, CO2, NOxiNO + N02)^
HOxjH + HO2 + OH)

• Minor species in photodiemical eqtiilibrium for N(^D), ^2^2,
02(^Ap), and 02C^g)

Z.TS-4.
•^NLTE- CO2 radiational cooling (Fomichev parameterization) j

• Fritts gravity wave parameterization

• Boundary conditions

(a) Lower: specified mixing ratios for O2, N2, H2O, H2, CH4,
CO2, COyOx^ aB:d NOx ^"5 — tO ^

(b) Upper: diffusive equilibrium for all species except \SF wbere
exospheric escape is specified

(c) Dynamics based on tidal theory at various frequencies (10 mb)
tOiHQ (SeoP^TSfJTiAL. Hcf6HT J)aTA

• D^region ion chemistry

• Energetic electron and proton particle degradation



MAJOR TIME-GCM OBJECTIVES

How deep into the atmosphere do effects of solar variability
penetrate?

How do disturbances from lower atmosphere affect middle
(30-100 KM) and upper atmosphere (100 - 500 KM)?

+ Couplings

* Solar Radiative

* Auroral

* Chemical

* Radiative

* Electrical

* Dynamic

How will the upper atmosphere and ionos^ere respond
to global change?
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